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ICARUS : Imaging Cosmic And Rare Underground Signals

e First large LArTPC: still one of the largest in operation

®* Two cryostat: each 19.6 x 3.6 x 3.9 m’>
760t total LAr mass / 476t active

* Two TPCs per cryostat, with a common central cathode:
1.5 m drift length, E, .= 500V/cm, Vg ..~1.6 mm/ps,

3 mm wire pitch

* Three readout wire planes per TPC, 54000 wires at
0°, £60° w.r.t. horizontal

* |onization charge continuously read (400 ns sampling
time) by three readout wire planes per TPC

e Each TPC has 90 8" PMTs, 15 phe/MeV deposited
energy

@: ~4n coverage of Cosmic Ray Tagger (CRT)
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ICARUS : Imaging Cosmic And Rare Underground Signals

e First large LArTPC: still one of the largest in operation

: Wire planes (anode)
®* Two cryostat: each 19.6 x 3.6 x 3.9 m ,

760t total LAr mass / 476t active

* Two TPCs per cryostat, with a common central cathode:
1.5 m drift length, E; .= 500V/cm, Vg ..~1.6 mm/ps,

3 mm wire pitch

* Three readout wire planes per TPC, 54000 wires at

0°, +60° w.r.t. horizontal

* |onization charge continuously read (400 ns sampling
time) by three readout wire planes per TPC

e Each TPC has 90 8" PMTs, 15 phe/MeV deposited Cathode Field cage
energy
~4‘Jt coverage of Cosmic Ray Tagger (CRT)
August 02, 2022 Biswaranjan Behera | CSU 3 Short Base""iﬁ?}fl@



Please follow a talk by
SBN expected Sensitivities Mark Ross-Lonergan on Thursday 9.30 AM
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Physics searches with NuMl
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Search for Neutrino-4 oscillation signal

Neutrino-4 anomaly
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NEUTRINO-4 reactor signals

A  Observed, 24p, 500keV. Dec, 2019. The period
of oscillation
2 o 2 .
1.5 - Am’,, = 7.26, sin"26,, = 0.38 for neutrino energy
4MeV is 1.4m
1.0 - Pﬁk t# A.P.Serebroy, et al.
JETP Letters,
Volume 109,
Issue 4, pp 213-221.
0.5 - Am’=7.25¢V’, sin’(20) = 0.38 ¥'/DoF  17.09/17 GoF 045 | arxiv:1809.10561
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Activation and Commissioning

LAr Levels in the two T600 modules
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Electron Lifetime Measurement

Electron Lifetime 7,
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Please follow a talk by

Gray Putnam on Calibration
[Friday 3:32 PM]
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Trigger System

BNB (Gate 4 us) NuMI (Gate 14 us)
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Neutrino Candidate from NuMI Beam

Collection view
NuMI: Run 5507
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Neutrino Candidate from BNB Beam
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Track reconstruction: data/MC comparison

o pargeiecton: Fdugialyqhume
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PMT light signal — TPC event association

MC BNB v,CC interactions and random cosmic overlays
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Cosmogenic Particle

Primary Cosmic Rays

e |CARUS is on the surface and exposed to huge cosmic

activity, is the primary background for several physics
analysis.

* The electromagnetic showers generated by cosmic
particles crossing the detector in time with the beam spill vy
have to be reduced as much as possible a priori since they ‘
may introduce a background for the v, CC analysis. 2

* In the approved Fermilab SBN' experiment the impact of
cosmic rays is mitigated by placing ~ 3 m concrete
overburden placed on top ot the ICARUS detector and
~4g coverage of Cosmic Ray Tagger (CRT) were

introduced. y
Please follow a talk by
Biswaranjan Behera on Cosmic Rejection
1arxiv: 1503.01520 Friday, 4.39 PM
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https://arxiv.org/abs/1503.01520

CRT Reconstruction
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e Coincidence windows were extended to 4 us (BNB) and 12 us (NuMl)
 More activity in those 4 us (trigger bias), and even more so when there is additional activity from

the beam (1.6 pys within the 4 us) and other than 1.6 us are from cosmic triggering
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Summary and Outlook

* The commissioning phase of ICARUS-T600 has largely been successful, despite the inconveniences due
to the current pandemic.

* The initial deployment of the trigger system allowed to observe the first neutrino events from both BNB
and NuMI| beams.

* Collected neutrino events are being used to turther develop and tune the event filter and the
reconstruction software.

* The CRT and Overburden completely installed and commissioning has been completed on June 2022.

* Collecting physics data with both BNB and NuMI beams starting its searches for new Physics Beyond
the Standard Mode
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Back up
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Cosmic Ray Tagger (CRT)

CRT system detects charge particles entering the detector from outside, whose tracks may interfere

with the reconstruction of beam neutrino events

CRT system surrounds the exterior of the warm vessel as much as reasonably possible

It has three sub-systems with different modules and difterent readout electronics
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Liguid Argon Time Projection Chamber (LArTPC)

* Low Thresholds : important for detecting low-energy Anode i pines
particles (e.g. protons from hadronic part of neutrino ettt
interactions) Goooemm ﬂ,é?’fflfggg i

ot
i

e Excellent Calorimetry : important for precise Cathode // 7 i é??é#éggé H

estimation of neutrino ener article ID with dE/dx o %né?‘aé‘???é%g 1
gy p éﬁgég??gégééﬁgﬁﬁf i
e

e High Spatial Resolution : allows for background iéfé?ég =

rejection and particle ID ?’- =
D E— 4 o
Egrife ~ 500V/cm “ ____ .

e Scalability : large detectors yielding high event rates
for precision physics
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Installation and Commissioning of CRT
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Light Collection System

time resolution ~ ns, < 5kHz, QE ~12%
107 @87K

90 8" PMTs
coverage, 15 phe/MeV

trigger signal ~100 MeV
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CRT Hit Reconstruction Data/MC comparison e CARUS Preiminary
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CRT - PMT Time of Flight
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Time of Flight (NuMI, ICARUS DATA)
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CRT Hit - TPC Track Association

CRT hit

Drift Direction

reconstructed
track

displaced

track with the
CRT time
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ICARUS

h. Machado PAN, et al. 2019.
§\ ¥ Annu. Rev. Nucl. Part. Sci. 69:363-87
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